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SENSITIVITY AND OUTLOOK
  -  simulation is used to determine sensitivity to galactic SNe
  -  signal and background rate are assumed to be Poissonian.
  -  coincidence between both detectors can be used to reduce false alarm rate.

Sensitivity of NOvA’s internal supernova trigger to galactic 
supernovae for two progenitor masses and various efficiency 
scenarios.

Detection efficiency vs distance to supernova under various detector coincidence condi-
tions. Efficiency needs to be kept high enough to adhere to a false alarm rate of < 1/week 
for participation in SNEWS. Panes differ by progenitor mass. Top: 27 solar masses, 
bottom: 9.6 solar masses. Based on the Garching flux models[1].

DETECTOR SIMULATION
  - two simulations in use. One simulates the IBD particle distribution based off 

of the SNOwGLoBES[3] software. The other uses GENIE[4] to access all 
interaction channels (under development)

  -  simulated signal is overlayed with real minimum-bias data to replicate 
detector conditions 

TRIGGERING ON SUPERNOVAE
External
NOvA subscribes to alerts from the 
SuperNova Early Warning System 
(SNEWS)[3]:
  -  a global network of neutrino 

detectors
  -  issues alerts when at least two 

detectors internally trigger within 
a 10-second coincidence window.

Internal
  -  in final stages of developement
  -  expected deployment in the fall
  -  relies on tagging IBD interaction 

candidates
  -  detects an increase above 

background during the SN signal.
  -  false alarm rate < 1/week to join 

SNEWS.

IBD interaction candidate selection
  1.  Remove hits from other identified physics
  2.  Cluster hits in space and time
  3.  Require clusters to span both x- and y-views
  4.  Cut on fiducial volume
  5.  Cut on cluster ADC value

(Two types)
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CROSS SECTIONS FOR RELEVANT PROCESSES 
IN LIQUID SCINTILLATOR
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Cross sections for relevant processes in liquid scin-
tillator.

SUPERNOVA NEUTRINOS

Signal characteristics
  -  energy: ~10–100 MeV
  -  timescale: 10s of seconds (burst within 1s)
 

  -  inverse beta decay (IBD) is dominant
  -  positrons can deposit energy in several cells
  -  expect ~3,000–4,000 hits for 8.5 kpc SN

Interaction channels

THE NOvA DETECTORS

The NOvA Near and Far detectors are located at 
Fermilab and Ash River, MN, separated by a dis-
tance of 810 km. 
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Primary physics goals
  -  measurement of mass hierarchy
  -  determination of �/cp

  -  ��23 octant

NuMI Off-axis ��e Appearance
  -  two segmented, functionaly-equivalent 
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  -  baseline: 810 km (1st���Ìµ�Ÿ�Ìe osc. maximum)
  -  energy: 2 GeV 

Above
The NOvA detectors: 300 ton near detector dwells 100 m under-
ground. 14 kton far detector sits on the surface, with a modest 
barite overburden.

Left
5ms of cosmic activity in the far detector. Identifying small, 
low-energy clusters of hits in this background is a significant 
challenge to reconstructing supernova neutrinos.

Simulated SN neutrino characteristics 
based on Garching[1] simulation for 
two progenitor masses.

Left
Time profiles for various neutrino 
flavors during the first second after 
core bounce.

Right
Energy distribution peaks around 
10–20 MeV and most energies are less 
than 100 MeV.

Expected number of detected interactions in each NOvA detector based on the 
GVKM flux model[x] for a supernova 8.5 kpc away.

Event display of a simulated 
supernova over a period of 5ms.

Only IBD positrons are present in the 
signal in this example (red dots 
indicate IBD production locations).

The blue hits are minimum-bias 
cosmic data which has been overlayed 
with the signal.

This represents 5ms of detector 
activity occurring 70ms after stellar 
core bounce.

MOTIVATION
Supernova neutrinos carry 
reavling information
  -  nuclear conditions in the core
  -  shockwave propagation
  -  explosion mechanism
  -  oscillations & mass hierachy
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Core collapse supernovae
  -  occur 2–4 times per century
  -  can outshine galaxies
  -  releases 99% of its energy as neutrinos

rarity � priceless data = incredible opportunity
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